Sëll Ae C [ol BY EB 3 DR 5 5] 


SHENZHEN PANGO MICROSYSTEMS CO.,LTD 


10G Ethernet MAC Application Guide 


(AN05009, V1.1) (2021.11.8) 


Shenzhen Unisplendour Tongchuang Electronics Co., Ltd. 
Copyright infringement must be investigated 


DN P, p 
o U d 3 iá Document version revision record 


Document version revision record 


VERSION RELEASE REVISION HISTORY 
NUMBER DATE 


V1.1 2021-11-8 1. Add register function and description 
2. Add Link Fault function and description 
3. Add frame gap control function and description 
4. Add flow control function and description 
5. Add MTU function and description 


bitis f innekru 10G Ethernet MAC Application Guide 
2/ 24 


GHG E 


Glossary 
ABBREVIATIONS FULL SPELLING 
ACRONYM 
MAC Media access Controller 
PCS Physical Code Sublayer 
PMA Physical Media Attachment 
XGMII 10 Gigabit Media Independent interface 
APB Advanced Peripheral Bus 
HSSTHP High Speed Serial Transceiver High Performance 
https: / /innek.ru 


3/ 24 


Glossary 


10G Ethernet MAC Application Guide 


oe Utd 344 Table of contents 


Table of contents 


1. OVERVIEW costoso abi 7 
LL INTRODUCTION Rp 7 
1.2 THE MAIN: FUNCTION S 7 
1:3 DESIGN INFORMATION, nee REESEN SSES 8 
LA RESOURCE USAGE p: 8 

2. FUNCIONAL DESCRIPTION... E 8 
2.1. 10G MAC DESIGN ARCHITECTURE vicseivccviscsssyvenheivecdeaossusesastecedsscubuyasdaveend dansbauedaaivavesncebuavsbaiveuddseatausdaedeeedsees 9 
2.2 FLOW CONTROL AND PRIORITY FLOW CONTROL eene eene sssssn aant neret essa sa sete e nn nn 10 
2:3 INTERFACE UIST A ————— 12 
2:4. PARAMETER DEFINITION cia 14 
2.5 INTERFACE TIMING ssisetssaaccce ce deidad sand diia lila dida 14 

3: REGISTER DESCRIPTION e ——— —— 17 

A; REFERENCE DESIGN te D en bo nent 21 
4-1: REFERENCE FUNCTION DESIGN. i... 5:5 ro rese ego io nu eR neue A Een ete det eus e PRSE eva 21 
4.2 REFERENCE DESIGN INTERFACE LIST ————————————————————————— 22 
4.3 REFERENCE DESIGN FILE DIRECTORY ......ccccscsesosesecececescscacscsscecsecccneacacdacsceccsesaacacsacecseccesecseusseseeeeseueaseusaesens 23 
4.4 REFERENCE DESIGN SIMULATION ——-—-———————— 23 
4.3 REFERENCE DESIGN BOARD VERIFICATION. ....sssssssssssssessssssesrreessssssesrreroossssesreeroesssesseneroesssesseneroeessesseneeeeeeses 23 

creen pie aii 24 


https: / /innek.ru 10G Ethernet MAC Application Guide 


4/24 


W Utd Zo Figure catalog 


Figure catalog 


Figure 1 10G MAC typical application ..........ccccccssesssscecssencenssnscencssscessonsesaceosenessasenscuacenseenesasenseeacsaecaasencenaenasentenseaeraas 9 
Figure 2 10G MAC functional block drageram. no nonn enne narnia 9 
Figure 3 Pause frame format, 10 
Figure 4 Flow Control Request Tmmmg. nono nonn nono noonnnnn nono enne nennen naar nan nono nono n ran nnn enne 11 
Figure 5 xon flow control request mung... 11 
Figure 6 Sequence Diagram of User-side Interface. 15 
Figure 7 An example of the user's normal sending data timing ( S is located in Lane). 15 
Figure 8 Example of the timing of the user sending data normally ( S is located in Lane4 )............................. suse 16 
Figure 9 Example of user receiving normal data timing ............... eese entente nennen nnns 16 
Figure 10 Reference Design Block Diagram ................sesseessesseseeeeen ener nennen inneren enne 21 
AAA rd nan eit enis ir eene eter PR pridie p aee ei euer e deed rar ins 23 
Figure 12 Hardware board block diagram ............ccccscceseesseeseeseeseeeecesecaeeecesecaaeeaeeseceaecaesenceaecaeeeneeaecaaeeeeesecaeeaeeeeeeaeeaeees 24 
bitis f innekru 10G Ethernet MAC Application Guide 


5/ 24 


W y d 3 ‘9 Table directory 


Table directory 


Table 1 10G MAC design information RR 8 
Table 2 ReSOuUrCe usage ai 8 
Table 3.Pause frame Torta oia darlas 10 
Table 4 Pfc Pause frame Tomat. 12 
Table: S Interface sy in 12 
Table:6 Parameter det iii lea rca ERR ex EH RT RE eae VERE aiii iaa 14 
Table 7.Address alocada diia 17 
Table 8 Configuration Register Address. 17 
Table 9 Send statistics register address. 19 
Table 10 Receive statistics register address. 20 
Table 11 Register Address Asaigmnment. ener nnne nn nennen rennen enne nnns 21 
Table: 12 Reference Design Interface List icc scvcsccadsdeceees calecsonsiccedoseveseeesadeseavs accvachsadeveaeestasuaiavlideasaendscigseacednasouaceracesas 22 
hie: innekru 10G Ethernet MAC Application Guide 


6/ 24 


oe U d 344 1. Overview 


1. OVERVIEW 


1.1 Introduction 


This document is the 10G Ethernet MAC interface product and application document of Shenzhen 
Ziguang Tongchuang Electronics Co., Ltd. This document mainly introduces the function list, design 
architecture, interface definition, interface timing, supporting devices and reference design of 10G 
Ethernet MAC. 


10G Ethernet MAC provides single-rate, full-duplex MAC solutions for user 10G high-speed Ethernet 
systems. 


1.2 The main function 


The main functions supported by the designed 10G Ethernet MAC are as follows: 
Support 802.3 Ethernet MAC standard 

Support internal XGMII interface (64bit) 

User side interface data bus 64bit 

Support APB management interface 

Support flexible control of frame gap, the default is 12byte 

Support flow control and priority flow control 


Support Link Fault detection and alarm reinsertion 


VV VV ON ON WV 


Support send and receive independently configure the maximum packet length 
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1.3 Design information 


Table 1 10G MAC design information 
10G MAC 


Support device PG2T390H series FPGA products 


Support user interface | custom user interface 


DESIGN FILES PROVIDED 


10G MAC Design File | encrypted file 


10G MAC reference Verilog file 
design 
10G MAC emulation file | Verilog file 


Constraints file fdc file 


i] 


EVELOPMENT TOOL SUPPORT 


Design Tools PDS development kit supports Pango Design Suite 
2021.1-SP6.2 and above 


Simulation tool Third-Party Simulation Tools 


1.4 Resource usage 


Table 2 Resource usage 
DEVICE CONFIGURATION LUTs FF DISRAM | HSSTHP USCM 


4277 | 5234 163 0 1 

TX_REG_STSTISTICS="TRUE” 

RX REG STSTISTICS-"TRUE" 
PAUSE FLOW-"TRUE" 


EIE 2967 | 3436 35 0 1 


TX REG STSTISTICS-"FALSE" 
RN REG, STSTISTICS-"FALSE" 
PAUSE FLOW-" FALSE" 


2. FUNCTIONAL DESCRIPTION 


The typical application of 10G Ethernet MAC is shown in Figure 1 below. The interface with the PCS 
side uses a standard XGMII (64bit) interface, and the user side uses a custom packet interface format (see 
the description below for the specific format definition). Support 802.3 protocol MAC layer function. 
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PCS XGMII C64bit) 10G MAC Custom Package Interface user logic 
(hfs 


Figure 1 10G MAC typical application 


2.1 10G MAC design architecture 


10G MAC 


— trs Wi tx mac «——— 


XGMII (64bit) custom user interface 


bech rr ——> rx mac — 


reg 


Figure 2 10G MAC functional block diagram 


The 10G MAC design consists of TX, RX and register modules, and the specific functions are described 
as follows: 


TX 


tx_mac module: realize pad filling of user message data, ipg control, crc calculation, preamble 
insertion, link Link Fault alarm back insertion, flow control configuration, MTU configuration, sent 
message classification statistics, etc. 


tx rs module: realize the conversion of user message data format to XGMII data format. 


RX 


rx_mac module: realize user packet data crc verification, flow control processing, link Link Fault 
detection, MTU configuration, received packet classification statistics, etc. 


rx rs module: realize the conversion of XGMII data format to user message data format. 
Register 


It is mainly provided to users to configure and read information, including statistical counting, and 
provided to users to read. 
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2.2 Flow Control and Priority Flow Control 


The user can request the opposite end to abort the transmission for a period of time by enabling the 
flow control request, and the designed 10G Ethernet MAC will respond to the received flow control packet 
by aborting the data transmission at the sender, and the abort time is determined by the received flow 
control packet. 


The flow control packet is a special type of packet, and its format is defined as shown in Figure 3 
below. 


6 DESTINATION ADDRESS 
OCTETS 
6 SOURCE ADDRESS 
OCTETS JOP 
2 
Sas LENGTH/TYPE 
2 MAC CONTROL OPCODE 
OCTETS 
( | MACCONTROL PARAMETERS 
u f 
OCTETS > f | 
| | RESERVED(transmitted as zeros) BOTTOM 
4 FRAME CHECK SEQUENCE 
OCTETS 


Figure 3 Pause frame format 


According to the IEEE802.3-2012 standard, DESTINATION ADDRESS is a fixed address 
48'h0180c2000001, LENGTH/TYPE is a fixed type 0x8808, MAC Control OPCODE is a fixed operation code 
0x0001, and MAC Control Parameter is the suspension time of flow control. It is defined in 
pause quantum. In 10G Ethernet, one pause quantum unit represents 51.2ns. The specific Pause frame 
format is shown in Table 3 below. 


Table 3 Pause frame format 


DA ( 48bit ) 0x01-80-C2-00-00-01 
SA ( 48bit ) Configurable 
TYPE ( 16bit ) 0x8808 
OPCODE(16bit) 0x0001 


Pause time (16bit) Stop sending time, the unit is the time to send a 64-byte message, 
for 10GE interface 6.4ns*8=51.2ns. 0 means release suspension 


PAD ( 42byte ) all O 


CRC ( 32bit ) 


The port can be used to quickly configure the flow control operation. The user first needs to configure 
the flow control enable of the corresponding channel, then initiate a flow control request, and configure 
the flow control stop time. 
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dt LE LE LELA LE LALA LS LL 
pause_en / $ c 


pause_req / \ A 
pause req tme XX O 


Figure 4 Flow Control Request Timing 


Users can realize xon function through register configuration. When the xon function is enabled, a 
pause message needs to be triggered when the pause_req request changes from high to low, and the 
pause_req_time content is all O at this time, which is used to notify the other party to quickly resume 
message sending. When the xon function is turned off, stop sending when the pause_req request changes 
from high to low. When the pause_req request is a periodic pulse, the xon function does not take effect. 


at LF LALA LE LE LE LE LLL LL Le LL LoL LoL LL 


pause_en ) y 


xon y \\ 


pause_req y y 


pause req time X y oxFFFF. A X 


send interval ^ oxFF00 A 


send_interval_cnt o X 1 2X C XCOxFEFE 0 X 1 2 X LEE o 1 X2 X 3 4 X9 


pause send ready / N M 74 N M 7 N / \ 


Figure 5 xon flow control request timing 


The designed 10G Ethernet MAC also supports the priority flow control of the 802.1Qbb standard, 
which can be realized by the user through register configuration. The priority flow control of the 802.1Qbb 
standard is slightly different from the flow control frame structure of the 802.3 standard, as shown in 
Table 4 below: 
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Table 4 Pfc Pause frame format 


DA ( 48bit ) 0x01-80-C2-00-00-01 
SA ( 48bit ) Configurable 
TYPE ( 16bit ) 0x8808 
OPCODE(16bit) 0x0101 


Priority_enable_vector 


(16bit) 


The high byte is set to zero, and each bit of the low byte indicates 
whether the flow control of the corresponding priority is enabled. 


Time priO(16bit) 


Stop time, the unit is to send a 64 Byte packet time, for 10GE interface 


6.4ns*8=51.2ns . 0 means release suspension 


Time pri1(16bit) 


Stop time, the unit is to send a 64 Byte packet time, for 10GE interface 


6.4ns*8=51.2ns . 0 means release suspension 


Time pri2(16bit) 


Stop time, the unit is to send a 64 Byte packet time, for 10GE interface 


6.4ns*8=51.2ns . 0 means release suspension 


Time pri3(16bit) 


Stop time, the unit is to send a 64 Byte packet time, for 10GE interface 


6.4ns*8=51.2ns . 0 means release suspension 


Time pri4(16bit) 


Stop time, the unit is to send a 64 Byte packet time, for 10GE interface 


6.4ns*8=51.2ns . 0 means release suspension 


Time pri5(16bit) 


Stop time, the unit is to send a 64 Byte packet time, for 10GE interface 


6.4ns*8=51.2ns . 0 means release suspension 


Time pri6(16bit) 


Stop time, the unit is to send a 64 Byte packet time, for 10GE interface 


6.4ns*8=51.2ns . 0 means release suspension 


Time pri7(16bit) 


Stop time, the unit is to send a 64 Byte packet time, for 10GE interface 


6.4ns*8=51.2ns . 0 means release suspension 


PAD ( 26byte ) all O 
CRC ( 32bit ) 
2.3 Interface list 
Table 5 Interface list 
SIGNAL NAME INPUT / BIT DESCRIBE 
OUTPUT WIDTH 
GLOBAL SIGNAL 
xgmii clk enter 1 XGMII interface clock 156.25MHz , from pcs 
Sys rst enter 1 Global reset signal, active high 
XGMII INTERFACE 
xgmii rxd enter 64 XGMII interface receives data bus 
xgmii rxc enter 8 XGMII interface receives control bus 
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xgmii_txd output 64 XGMII interface sends data bus 
xgmii txc output 8 XGMII interface sends control bus 
USER SIDE MESSAGE INTERFACE 
xge tx rst enter 1 User-side message interface sends reset, active high 
xge tx data enter 64 User-side message interface to send data 
xge tx data en enter 1 User-side message interface sending data enable 
xge tx data sop enter 1 User-side message interface sends data message 
start bit 
xge tx data eop enter 1 The end bit of the data message sent by the user 
side message interface 
The message interface on the user side sends a valid 
xge tx data byte vaild 3 indication of the data byte, and it is judged at eop. 
enter O means all 8 bytes are valid, 1 means 1 byte is 
valid, 2 
Indicates that 2 bytes are valid ... 
xgmii tx ready output 1 The sending module is ready to indicate the signal, 
which is used for the back pressure user to send 
data 
xge rx rst enter 1 User-side message interface receives reset, active 
high 
xge rx data output 64 The user side message interface receives data 
xge rx data en output 1 User-side message interface receiving data enable 
xge rx data sop output 1 User-side message interface receives data message 
start bit 
xge rx data eop output 1 User-side message interface receives data message 
end bit 
The message interface on the user side receives a 
xge rx data byte vaild 3 valid indication of the data byte, and it is judged at 
output eop . 0 means all 8 bytes are valid, 1 means 1 byte is 
valid, 2 means 2 bytes are valid ... 
Receive message error indication, aligned with eop, 
xge rx data err output 1 1 means there is an error in the message, 
O means no error. 
FLOW CONTROL INTERFACE 
tx pause en enter 1 Pause frame global transmission enable, high 
effective 
rx pause en enter 1 Pause frame global receive enable, high effective 
pause req enter 1 Pause frame sending request, high effective 
pause req time enter 16 Pause time value, the unit is quanta , a 
quanta-51.2ns 
two Pause frames, the unit is quanta , one 
send interval enter 16 quanta=51.2ns 
bitO means priO , bit1 means pril... 
rx pfc pause stop output 8 1 means the user needs to stop sending, 0 means 
sending is allowed. 
CONFIGURATION SIGNAL 
apb clk enter 1 Configure the clock signal, the frequency range is 
10~100MHz 
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apb_penable enter 1 Configuration Access Enable 
apb_pwrite enter 1 Configure read and write selection signals, high level 
write low level read 
apb_paddr enter 19 Configure address bus 
apb_pwdata enter 32 Configure write data 
apb_psel enter 1 configuration selection signal 

apb_prdata output 32 Configure read data 

apb_pready output 1 Configure read and write ready output 


2.4 Parameter definition 


Table 6 Parameter definition 


PARAMETER NAME 


DESCRIPTION 


TX_REG_STSTISTICS 


" TRUE ": enable sending packet statistics module 
" FALSE ": disable sending packet statistics module 


Send message statistics module 


RX_REG_STSTISTICS 


" TRUE ": enable the receiving packet statistics module 
" FALSE ": disable the receiving packet statistics module 


Received packet statistics module 


PAUSE_FLOW 


" TRUE ": enable flow control and priority flow control module 
" FALSE ": Disable flow control and priority flow control module 


Flow control and priority flow control module 


Note: Disabling related modules can reduce overall resource consumption 


2.5 Interface timing 


The 10G Ethernet MAC adopts a custom user interface, and the read and write timings are consistent, 


as shown in Figure 6 below: 
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clk 
data_en 
sop 
eop 
data[63:56] 
data[55:48] 
data[47:40] 
data[39:32] 
data[31:24] 
data[23:16] 
data[15:8] 
data[7:0] 
byte valid[2:0] 


err 


The timing of the XGMII interface between the 10G MAC and the underlying PCS is shown in Figures 


7, 8, and 9 below: 


2. Functional description 


Se qu SEMEN 
SO O GR ER GC a S 
SONDA 
MO 2 a E EE O EE O A (O ER 
SI XT XC 9 SY NOE 
HO, QU), GEO, GEO A) Y GE) Y, QT, 9C ——— 
ANS E) Kee 05 0 CICE EE E 
SO ES O SS C9 X — 
OD OS O OSOS CS —— 
REEL E EE EZ, 


Figure 6 Sequence Diagram of User-side Interface 


xgmii_tx_clk | 


|| j | 


xgmii txc 


OxFF X 0x01 (0 — 0x00 — X $ X 0x00 X OxF8 X OxFF 


xgmii_txd<7:0> 


S D D D D | 


xgmii_txd<15:8> 


(nm X¥ DX Dp Xf Yop XY DX I 


xgmii_txd<23:16> 


xgmii_txd<31:24> 


xi D X D O XA D X 1 


Dp D D D r i 


xgmii_txd<39:32> 


Up yop yp Yl X D X X1 


xgmii_txd<47:40> 


LD Xp Xp XY XX L | 


xgmii_txd<55:48> 


jo Xb XD Xf ie X X 


xgmii_txd<63:56> 


Ds D D X$ XD X L 


Figure 7 An example of the user's normal sending data timing ( S is located in LaneO ) 
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xgmii_tx_clk 


xgmii_txc 


xgmii_txd<7:0> 


xgmii_txd<15:8> 


xgmii_txd<23:16> 


xgmii_txd<31:24> 


xgmii_txd<39:32> 


xgmii_txd<47:40> 


xgmii_txd<55:48> 


xgmii_txd<63:56> 
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DEE  Ox1F ` 0x00 ) X Ox00 / DES /| OxFF 
| X Dp X D ( D X DA I 
| A Dp X D CDX D x. 
1) X Bp X p X$ X p X p XI 
I X Ds X D X X D X T KI 
| sX DX D XÍ D III" 
| X Dp X D DX X DX: X. 
Dp D X D Ay LD ALA" 
| X Dp X DX D D Á I } 


Figure 8 Example of the timing of the user sending data normally ( S is located in Lane4 ) 


xgmii_rx_clk 


xgmii_rxc 


xgmii_rxd<7:0> 


xgmii_rxd<15:8> 


xgmii_rxd<23:16> 


xgmii_rxd<31:24> 


xgmii_rxd<39:32> 


xgmii_rxd<47:40> 


xgmii_rxd<55:48> 


xgmii_rxd<63:56> 
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OxFF X 0x01 Y O00 X3 


X 0x00 X OxFO X OxFF 


I X S J|, DA D XY AD XD X 1 
I X DX D ID ID LD 
| Dp D D A D D l 
IX D X DX DY) Yo X D X I 
[I (Dp X DX D YY Yo X T X 1 
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Figure 9 Example of user receiving normal data timing 
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3. Register description 


Access to the MAC space can be configured through the APB interface, including register read and 
write, message sending statistics, and message receiving statistics. 


Address management, realizing APB interface address division. Users can also allocate register 
address space according to actual needs. 


Table 7 Address allocation 


Addr[8:7]=2'b00 


Configuration register 


Addr[8:7]=2'b01 


Receive statistics 


Addr[8:7]=2'b10 


Send statistics 


Addr[8:7]=2'b11 


Reserved 


Register read and write, realize configuration register read and write and status register read. 


Table 8 Configuration Register Address 


REGISTER NAME DEFAULTS ADDRESS DESCRIPTION 
GLOBAL REGISTER 
Version 32'h11346545 0x0 Current version number and version time 
pause_mac 32'h0 0x1 lower 32 bits of the source MAC address of the 
Pause frame 
pause_mac 16'h0 0x2 Pause frame source MAC address high 16 bits 
TX statistics clear, 1 means clear, first write 1 
packet_sta_clr_tx 1'b0 0x3 and then write O to complete 
Clear operation 
RX statistics clear, 1 means clear, first write 1 
packet_sta_clr_rx 1'b0 0x4. and then write O to complete the clear 
operation 
RECEIVER SIDE REGISTER 
rx_reset 1'b0 0x10 MAC receiving side reset, 1 means reset 
Local_ fault 1'bO 0x11 Alarm at the local end, 1 means there is an 
alarm 
Remote_fault 1'b0 0x11 Remote alarm, 1 means there is an alarm 
Link_inter 1'b0 0x11 Connection interruption alarm, 1 means 
there is an alarm 
Alarm suppression, do not process the alarm 
after receiving it. 1 means suppression, 
Fault_Inhibit 1'b0 0x12 After the alarm is suppressed, no reinsertion 
action will be taken, and the alarm will only be 
read by the user 
rx_mtu_en 1'b0 0x13 Receive mtu enable, 1 means enable 
rx_mtu_size 15'd0 0x14 Receive mtu setting value 
rx_pfc_en 1'b0 0x15 Pfc frame global reception enable, 1 means 
enable 
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SEND SIDE REGISTER 
tx_reset 1'b0 0x20 MAC sending side reset, 1 means reset 
tx_mtu_en 1'b0 0x21 Send mtu enable, 1 means enable 
tx_mtu_size 15'd0 0x22 Send mtu setting value 
tx ipg en 1'b0 0x23 Send ipg enable, 1 means enable 
tx ipg value 6'd0 0x24 Send ipg setting value, the setting value 
range is 12~63 
xon 1'b0 0x25 1 : Turn on the xon function 
tx_pfc_en 1'b0 0x26 Pfc frame global sending enable, 1 means 
enable 
pfc_pri_req 8'b0 0x27 Pfc frame sending request, bitO corresponds 


to priO , 1 means enable 
Pfc priority sending enable, bitO corresponds 


tx pfc pri en 8'b0 0x28 to priO , 1 means 
Enable 
PfcO flow control sending request time, unit 
pfcO pause req time 16'bO 0x29 is quanta , one quanta=51.2ns 


PfcO flow control sending interval time, the 
pfcO send interval 16'bO Ox2a unit is quanta , one 

Quanta= 51.2ns 
Pfc1 flow control sending request time, unit 
pfc1_pause_req_time 16'b0 Ox2b is quanta , one quanta=51.2ns 


Pfc1 flow control sending interval, the unit is 
pfci send interval 16'bO Ox2c quanta , one 

Quanta= 51.2ns 
Pfc2 flow control sending request time, unit 
pfc2_pause_req_time 16'bO Ox2d is quanta , one quanta=51.2ns 


Pfc2 flow control sending interval, the unit is 
pfc2_send_interval 16'bO Ox2e quanta , one 

Quanta= 51.2ns 
Pfc3 flow control sending request time, unit 
pfc3_pause_req_time 16'b0 Ox2f is quanta , one quanta=51.2ns 


Pfc3 flow control sending interval, the unit is 
pfc3_send_interval 16'bO 0x30 quanta , one 

Quanta= 51.2ns 
Pfc4 flow control sending request time, unit 
pfc4_pause_req_time 16'bO 0x31 is quanta , one quanta=51.2ns 


Pfc4 flow control sending interval, the unit is 
pfc4 send interval 16'bO 0x32 quanta , one 

Quanta= 51.2ns 
Pfc5 flow control sending request time, unit 
pfc5_pause_req_time 16'b0 0x33 is quanta , one quanta=51.2ns 


Pfc5 flow control sending interval, the unit is 
pfc5 send interval 16'bO 0x34 quanta , one 
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Quanta= 51.2ns 


Pfc6 flow control sending request time, unit 
pfc6_pause_req_time 16'b0 0x35 is quanta , one quanta=51.2ns 


Pfc6 flow control sending interval, unit is 
quanta , one quanta=51.2ns , the unit is 
pfc6_send_interval 16'bO 0x36 quanta ,one 
quanta=51.2ns 


Pfc7 flow control sending request time, the 


pfc7_pause_req_tim 16'bO 0x37 unit is quanta , one 
e Quanta- 51.2ns 
Pfc7 flow control sending interval, the unit is 
pfc7 send interval 16'bO 0x38 quanta , one 


Quanta= 51.2ns 


Sending statistics, realizing various statistical functions of sending messages. 


Table 9 Send statistics register address 


REGISTER NAME DEFAULTS ADDRESS DESCRIPTION 
tx_total 64'h0 0x0/0x1 Total statistics of sent packets 
tx_byte 64'h0 0x2/0x3 Total byte statistics of sent packets 
tx less 64byte 64'h0 0x4/0x5 of sent message length less than 64 bytes 
tx_64byte 64'h0 0x6/0x7 The length of the sent message is 64 bytes 
statistics 
tx 65 127byte 64'hO 0x8/0x9 The length of the sent message is between 65 
and 127 bytes. 
tx_128 255byte 64'hO Oxa/Oxb The length of the sent message is between 128 
and 255 bytes 
tx 256 511byte 64'hO Oxc/Oxd The length of the sent message is between 256 
and 511 bytes 
tx 512 1023byte 64'hO Oxe/Oxf The length of the sent message is between 512 
and 1023 bytes 
tx 1024 1518byte 64'hO 0x10/0x11 The length of the sent message is between 
102471518 bytes 
tx 1518 max 64'hO 0x12/0x13 Sent message length is greater than 1518 bytes 
statistics 
tx_control 64'hO 0x18/0x19 Send control frame statistics 
tx_puase 64'h0 Ox1a/Ox1b Send pause frame statistics 
tx pfc 64'hO Ox1c/Ox1d Send pfc frame statistics 


Note: Each statistical item corresponds to two addresses, the small address corresponds to the lower 
32bit of the statistical value, and the larger address corresponds to the higher 32bit of the statistical value 


Receive statistics, realize various statistical functions of received messages. 
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Table 10 Receive statistics register address 


rx_total 64'h0 0x0/0x1 Total statistics of received packets 
rx_byte 64'h0 0x2/0x3 Total byte statistics of received packets 
rx less 64byte 64'h0 0x4/0x5 Statistics of received packets with a length 
less than 64 bytes 
rx_64byte 64'h0 0x6/0x7 Received packet length is 64 bytes statistics 
rx 65 127byte 64'hO 0x8/0x9 Received message length between 65 and 127 
bytes statistics 
rx_128 255byte 64'h0 Oxa/Oxb Received message length between 128 and 
255 bytes 
rx 256 511byte 64'hO Oxc/Oxd Received message length between 256 and 
511 bytes 
rx_512 1023byte 64'h0 Oxe/Oxf Received message length between 512 and 
1023 bytes 
The received message length is between 
rx_1024 1518byte 64'h0 0x10/0x11 102471518 bytes and above 
statistics 
rx 1518 max 64'h0 0x12/0x13 Received packet length greater than 1518 
bytes statistics 
rx crc err 64'h0 0x14/0x15 Receive CRC error packet statistics 
rx_good 64'h0 0x16/0x17 Receive correct packet statistics 
rx_control 64'h0 0x18/0x19 Receive Control Frame Statistics 
rx_puase 64'h0 Ox1a/Ox1b Receive pause frame statistics 
rx pfc 64'hO Ox1c/Ox1d Receive pfc frame statistics 


Note: Each statistical item corresponds to two addresses, the small address corresponds to the lower 
32bit of the statistical value, and the larger address corresponds to the higher 32bit of the statistical value 
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4. REFERENCE DESIGN 


4.1 Reference function design 


Figure 10 is a block diagram of the provided reference design. 10G MAC and 10GBase-R build a simple 
Ethernet system, and the verification of data transmission and reception can be realized through the 
connection with third-party devices. The functions of each module are introduced as follows: 


top_onboard 


——_F 
— pgr_BaseR_ 
serial interface XGMIT (64bit) Xge_mac_top [custom package 
«—————4| eval_1 0 BE 
—— r interface 


Ell 


reg union bridge top 


ll 


pgr uart ctrl top inst 


Figure 10 Reference Design Block Diagram 


pgr BaseR eval 1 0 module 10GBase-R reference design 
xge mac top module 10G MAC reference design 


reg union bridge top module register address space allocation: 


Table 11 Register Address Assignment 
Addr[18:17]=2'bx1 |Access to MAC register space 


Addr[18:17]=2'b10 Access PCS register space 


Addr[18:17]=2'b00 | Access to PMA register space 


pgr_uart_ctrl_top_inst module 


The serial port module used for debugging, with a fixed baud rate of 115200, is used to receive UART 
data and output it in the data format required by the APB protocol. The address of the read and write 
operation is 24bit (the upper 5 bits are 0), and the data is 32bit. 

The format of read and write operations through uart is: 

Read: 72 + address (reversed by byte) 

Write: 77 + address (reversed by byte) + data (reversed by byte) 

Serial read and write example: 
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Read the value of MAC configuration register 0x13 address and change the value of this register to 1 
Read: 72130000 
Write: 7713000001000000 


4.2 Reference Design Interface List 


Table 12 Reference Design Interface List 


SIGNAL NAME INPUT / BIT WIDTH DESCRIBE 
OUTPUT 
GLOBAL SIGNAL 
i_free_clk enter 1 External clock input, frequency SOMHz 
sys_rst enter 1 System reset interface, high level reset 
HSSTHP TERMINAL SIGNAL 
i p refckn O enter 1 HSSTHP differential reference clock negative 
terminal, 156.25 MHz 
i p refckp O enter 1 HSSTHP differential reference clock positive 
terminal, 156.25 MHz 
i p lOrxn enter 1 HSSTHP differential data input negative terminal 
i p lOrxp enter 1 HSSTHP differential data input positive terminal 
o p lOtxn output 1 HSSTHP differential data output negative terminal 
o p lOtxp output 1 HSSTHP differential data output positive terminal 
STATUS SIGNAL 
o p Ix cdr align O | output 1 HSSTHP CDR lock flag, active high 
o p rx sigdet sta O | output 1 HSSTHP signal detect , active high 
xgmii tx ready output 1 The sending module is ready to indicate the signal, 
which is used for the back pressure user to send 
data 
Receive message error indication, aligned with eop, 
xge rx data err output 1 1 means there is an error in the message, 
O means no error 
SFP TX DISABLE output 1 Optical module enable signal 
SERIAL SIGNAL 
txd output 1 Serial sending 
rxd enter 1 Serial port receiving 
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4.3 Reference Design File Directory 


RHP BRA: 


docs 
‘bench 


acket_gen. v 

rbs any.v 

tb xge mac. v 

cS src sim encrypt 
E ie 


ac src sim encrypt 
l—mac core vi 1 vpAll. vp 
ipcore 
fifo 512x44 
FIFO CORE 
HSSTHP CORE 64B66B 1 5 
ram data sta 
ram data sta mirror 
tx ram 0 
nr 
top onboard. sbit 


Miis pip d 
xge mac top sim. do 


cs src syn encrypt 

cs core vl vpAll. vp 

c src syn encrypt 
L—mac core vl 1 vpAll. vp 


/ 15050488 
/ iB 


/ / ip 


/ 48 ERR 

MAR prosia 

// fi Ktb 

// RI KA )10GBase-RJ 5 UR SC ft 
a es MACHINE E 
//fifo ip 


//fifo ip 
//hssthp ip 


//BE Rt top E 
//10G MAC demo topX ft 
// F8 VER 


//10GBase-R core MB im fr 
//10G MAC core MBE 


4. Reference design 


Figure 11 File directory 


4.4 Reference Design Simulation 


Users can perform simulation verification through a third-party simulation platform. Before use, the 
simulation path needs to be modified according to the software version, specifically lines 4-9 and lines 
11-17 of the xge mac top sim.do file in the simulation script directory. 


4.3 Reference Design Board Verification 


The verification of the upper board adopts the docking test between the P05V330KF01 AO board 
and the Ethernet tester, and realizes the serial data transmission and reception between the instrument 
and the board through optical fiber. 
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emm 
> custom package 
Ethernet tester serialinterface | 10GBase-R | xsvi cei) 10G MAC interface 
t «&————— 


Figure 12 Hardware board block diagram 


The verification conditions are fixed packet length and random packet length (64^71518byte). Users 
can perform functional performance verification by monitoring Ethernet test receiving and sending data 
packet statistics, data receiving and sending status statistics, bandwidth statistics and other related 
information. 


5. CONTACTS 


KOHTaKTbI ANA TEXHNYECKNX H KOMMepueckux BONPOCOB 
OOO «MH3K» 
r. Caukr-Tlerep6ypr, yn. A6NOUKOBA, A. 20, nutep A, od. 504 


contact@innek.ru 
+7 (812) 200-40-37 
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